ABSTRACT Studies of interactions between imported Þre ants and other ant species (Hymenoptera: Formicidae) have generally addressed populations in open areas where imported Þre ant densities are highest. Forest habitats harbor a different assemblage of ant species and interactions between ant species in forests are occurring under different environmental conditions. We have asked three questions about the distribution of hybrid imported Þre ants and native ant species in a Mississippi forest: 1) Is their distribution inßuenced primarily by interspeciÞc competition or by local conditions? 2) Are the communities at locations with and without hybrid imported Þre ants different? and 3) Which native ant species are using the same resources as hybrid imported Þre ants? To answer these questions, ant species were collected at baits, along with the metrics for a set of local conditions, over a representative sample of forest habitats. Data were analyzed using permutation tests comparing the observed characteristics of the ant community to those expected by random processes. The community of ant species collected at baits was not structured competitively and their distribution was strongly associated with the distribution of local conditions. The assemblage of ant species was different at locations with hybrid imported Þre ants from the assemblage at locations without them, but the two groups of locations were equal in richness when samples were standardized by rarefaction. Of the 28 species collected, 14 occurred with hybrid imported Þre ants. One species, Aphaenogaster carolinensis Wheeler, was negatively associated, and another, Monomorium minimum (Buckley), was positively associated with hybrid imported Þre ant occurrence.
A great deal of attention has been paid to interactions between imported Þre ants (Solenopsis invicta Buren, S. richteri Buren, and their hybrid) and native ant species in the United States, but most of this work has been conÞned to open areas, where population densities of imported Þre ants are high. Forest habitats harbor a different assemblage of ant species, and interactions between imported Þre ants and other ant species in forests are occurring under a different set of environmental conditions. Imported Þre ants are a complex of non-native ant species of the genus Solenopsis (Buren 1972 ) that Þrst appeared in North America in the early 20th century in the vicinity of Mobile, AL, and have since spread across the southeastern United States (Wilson 1959) . Initially identiÞed as a single species, S. saevissima richteri Forel (Wilson 1951) , they have since been determined to be two species with separate introductions; S. invicta, the red imported Þre ant, and S. richteri, the black imported Þre ant, and a hybrid between them. The majority of the literature on imported Þre ants in the United States has been concerned with S. invicta, because it is the most widely distributed member of the group in North America. All of the literature cited in this paper refers to the red imported Þre ant except where otherwise indicated. The area where our study was conducted is within the hybrid zone, a region in between the current ranges of the two parental species that is dominated by hybrid colonies (Shoemaker et al. 1996 , Menzel 2006 , Streett et al. 2006 , and all individuals collected are assumed to be of the hybrid form. It is unknown at this time whether the two species or their hybrid differ in terms of their competitive relationships with other ant species.
Since their introduction, many interactions between imported Þre ants and native ant fauna have been documented. The interactions can be placed into two groups: 1) the inßuence of imported Þre ants on ant community structure (Porter and Savignano 1990 , Gotelli and Arnett 2000 , Morrison and Porter 2003 , and 2) two-way interactions between imported Þre ants and other ant species (Urbani and Kannowski 1974 , Apperson and Powell 1984 , Tschinkel 1988 , Jones and Phillips 1990 , Gibbons and Simberloff 2005 .
Studies of the inßuence of imported Þre ants on ant community structure have generally been concerned with post invasion distributions, where potentially competing species are either naturally separated along ecological gradients, or have segregated themselves to avoid negative interactions. These distributions could be due to a recent invasion, in which case the preinvasion community may be compared with the postinvasion community (Porter and Savignano 1990) , or they could be the product of long-term processes that cannot be observed. Porter and Savignano (1990) found decreases in ant diversity after invasion by imported Þre ants. Their study involved an area that was invaded by the polygyne form of S. invicta. The term polygyne refers to the social form of S. invicta having colonies with multiple queens (Glancey et al. 1973) that typically spreads by budding of new colonies from older ones (Vargo and Porter 1989) . Polygyne imported Þre ants tend to be less aggressive toward conspeciÞcs than the typical single queen, or monogyne form (Morel et al. 1990 ), and they often establish large super colonies. Areas with the polygyne type also tend to have higher imported Þre ant densities than monogyne areas (Macom and Porter 1996) . The effects of polygyne imported Þre ants on ant community structure cannot necessarily be extended to all imported Þre ant populations, the majority of which are monogyne. Morrison and Porter (2003) , for example, found that arthropod species diversity as a whole was positively associated with imported Þre ant density within an area dominated by the monogyne form. Gotelli and Arnett (2000) surveyed ants along the east coast of the United States, from New York state to Florida. They found an increase in ant diversity as they moved south until there was an abrupt decline that coincided with the northern limit of the imported Þre ants range. They attributed this change to invasion by S. invicta. Gotelli and Arnett (2000) also were interested in the effect of imported Þre ant invasion on the competitive structure in ant communities along this transect. They addressed competitive structure by looking at the co-occurrence patterns of species across sites inside and outside of the imported Þre ants range. Two species with similar habitat requirements may seldom coexist, manifested in a checkerboard occurrence pattern of the two species at two locations (Diamond 1975, Gotelli and Graves 1996) . Diamond termed this pattern a checkerboard unit. The average number of checkerboard units between all possible species pairs for a group of sites is known as a c-score (Stone and Roberts 1990) . A high c-score is an indication of highly competitive structure with very little co-occurrence (Stone and Roberts 1990, Gotelli and Graves 1996) . Gotelli and Arnett (2000) found that the c-scores based on the ant communities of locations within the imported Þre ants range were signiÞcantly lower than for areas outside their range. They attributed this to a breakdown in competitive structure caused by the invasion of imported Þre ants. This breakdown also has been documented in California in response to invasion by the Argentine ant, Linepithema humile (Mayr) (Sanders et al. 2003) . This loss of structure could result from an invader interfering with competitive interactions between native species (Sanders et al. 2003) .
Imported Þre ants are considered to be open-area species (Green 1952 , Hays 1959 , and forests are generally considered suboptimal habitat. If imported Þre ants are less numerous in heavily forested areas than in more open habitats, ant communities in forests may be under less pressure and preinvasion ant species diversity and competitive structure may still be intact. MacGown and Brown (2006b) found high diversity in the ant community of the Tombigbee National Forest in east-central Mississippi. Over the course of a year, 35 ant species, including the hybrid imported Þre ant, were found within 1 m of the base of a single tree (MacGown and Brown 2006a) . This is roughly half the number of ant species found in previous surveys of the entire forest (MacGown and Brown 2006b) .
TschinkelÕs study of the distribution of S. invicta colonies and those of its congener Solenopsis geminata F. in northern Florida describes a two-way interaction between those two species. Tschinkel found that S. invicta numbers had increased since 1971, whereas numbers of S. geminata had decreased (Tschinkel 2006) , and the two species were now distributed in a way that avoided interaction between them (Tschinkel 1988 (Tschinkel , 2006 .
For an ant species to be actively competing for resources with imported Þre ants they must be present in the same place and time and use the same resource. The species with the most documented interactions with imported Þre ants is Monomorium minimum (Buckley). Urbani and Kannowski (1974) , Apperson and Powell (1984) , and Gibbons and Simberloff (2005) have all documented defensive actions by M. minimum against imported Þre ants. Urbani and Kannowski (1974) found that M. minimum were able to dominate baits directly on S. invicta mounds in a Louisiana pasture. Gibbons and Simberloff (2005) found that hybrid imported Þre ants outcompeted all species except M. minimum at baits, but when the number of hybrid imported Þre ant colonies was reduced by half they lost their competitive edge. Jones and Phillips (1990) found that two native ant species in Texas, Formica foetidus (Buckley) and Pheidole dentata (Mayr), were superior foragers to imported Þre ants in laboratory experiments when colony sizes were kept equal. These results suggest that imported Þre ants require numerical dominance to compete for resources. It remains to be seen whether they maintain this dominance in forest habitats. Tschinkel (1988) considered the inßuence of local conditions on the interactions he described. In most studies involving imported Þre ants, heterogeneity of habitat has been controlled for by limiting surveys to one or two habitats. When evaluating the distribution of species across a heterogeneous area such as a forested landscape, local conditions may be as likely as competition to play a role in determining the ant species assemblage at any given location.
We have asked three questions about the distribution of hybrid imported Þre ants and native ant species in an east-central Mississippi forest: 1) Is their distri-bution inßuenced primarily by inter-speciÞc competition or by local conditions? 2) Are the communities of ants at locations with and without hybrid imported Þre ants different? and 3) Which native ant species are using the same food resources as hybrid imported Þre ants?
Materials and Methods
To answer these questions, ant species were collected at baits at randomly chosen locations and at locations chosen because of the presence of hybrid imported Þre ants, over a representative sample of forest habitats in the Tombigbee National Forest and the John Starr Memorial Forest in east-central Mississippi. The Tombigbee National Forest, Ackerman Unit, and the John Starr Memorial Forest cover an area of Ϸ20,000 ha. Both forests are maintained for multiple-use, although the John Starr Memorial Forest is managed with a greater focus on timber production. They represent two adjacent physiographic regions of Mississippi. Tombigbee Ackerman Unit is in the North-Central Plateau and John Starr Memorial Forest is in the Flatwoods region. They both naturally trend successionally toward oakÐ hickory forests, with areas being managed primarily for pine timber. Both forests, as part of their multiple-use designation, maintain open areas for wildlife. Both forests are intersected by numerous dirt roads and a few paved roads. Imported Þre ant populations in this area are predominantly of the monogyne social form (Menzel 2006) and are hybrids of S. invitca and S. richteri (Shoemaker et al. 1996 , Menzel 2006 , Streett et al. 2006 .
Transects were chosen within the Tombigbee National Forest and John Starr Memorial Forest to be representative of forested habitats there (excluding forested wetlands). Transects were between 0.5 and 1.5 km in length, perpendicular to elevation contours, and accessible from at least one end by road. Because this study was focused on forest habitats, transects began at the forest edge, and they did not include roadsides, power lines, or other maintained open areas. Twenty-three transects were chosen, averaging 0.93 km and totaling 21.44 km in length. Seventeen transects were in Tombigbee National Forest Ackerman Unit (16.66 km), and six transects were in John Starr Memorial Forest (4.78 km). Although transects were not contiguous, they were numbered and considered as if part of one larger 21.44-km transect. A location between 0 and 500 m from the start of the Þrst transect was chosen at random, and a survey of ant species and local environmental conditions (described below) was conducted at that location and then once every 500 m along the larger transect. A 2-m-wide area was searched for visible hybrid imported Þre ant colonies while walking from one survey point to the next along the transect. If a colony was encountered, a survey of ant species and local conditions was conducted at that location as well. In total, 42 locations were selected using the a priori method described above and nine more were chosen when hybrid imported Þre ants were found at those locations while searching along the transect, giving a total of 51 locations. Searches and surveys were conducted between 11 a.m. and 5 p.m. from the 1 July to 30 September 2004 and 2005. Searches and surveys were not conducted on days with overcast conditions.
At each of the 51 sites, a 10-by 10-m area was designated as the survey plot. The percentages of ground cover of woody vegetation (saplings and shrubs), herbaceous vegetation, vines, woody debris, leaf litter, and bare ground were estimated within Þve 2-m 2 circular plots (1.6 m in diameter), located at each corner and in the center of the sample plot, and then averaged for the plot. Soil penetrability was determined from the average of Þve soil penetrometer (model 77108, Forestry Suppliers, Jackson, MS) readings from the same Þve 2-m 2 areas within the plot. Canopy cover was estimated as the average of four hand-held spherical crown densiometer (model 43887, Forestry Suppliers) readings, standing at the center point and pivoting to face in the four cardinal directions. HardwoodÐpine distinction and diameter at breast height (dbh) was recorded for all trees with a dbh Ն5 cm within the plot. Soil samples were taken from a grid of nine points across the plot for analysis of percentage of composition of silt, sand, and clay.
Thorough inventories of ant species in forests require a variety of methods including pitfall traps, leaf litter collections and baits (King and Porter 2005) . We limited our surveys to baits because we were specifically interested in ant species that would be using the same food resources as imported Þre ants. A grid of nine baits, 5 m apartÑthree baits containing peanut butter, three baits containing tuna Þsh, and three baits containing a USDA-formulated Þre ant bait (Robert Jones, USDA-APHIS, Starkville, MS)Ñwas set for 30 min and removed to check for the presence of hybrid imported Þre ants and to collect their potential foraging competitors. The duration of 30 min was chosen arbitrarily, but it was a sufÞcient amount of time to collect hybrid imported Þre ants in all places where they were detected visually. There was a concern that the longer baits were left, the more likely it would be that one species would achieve dominance and thereby limit the detection of other ant species. It cannot be assumed that all ant species that could be attracted to these baits were detected during this time frame, but the standardization of collection techniques and collection timing meant that comparisons between sites were valid in our subsequent analysis.
Ant species abundance values and the habitat characteristics from each of the 51 sites were used in a series of natural experiments to answer our three main questions posed in the Introduction. Each experiment requires a score, which measures some property of the data, and a set of simulated scores representing the distribution of scores expected by chance alone. The score based on the data is compared with the distribution of simulated scores to determine whether it is outside of the expected range. Scores used include the c-score, the z score in Mantel tests, ␦ and the A-statistic in a multiple random permutation procedure (MRPP), species richness in rarefaction, and the in-dicator value in indicator species analysis (as described below). These experiments, also referred to as a null model tests (Gotelli and Graves 1996) or permutation tests (McCune and Grace 2002) , are a way of testing for nonrandom structure in highly correlative, multivariate data, and they are increasingly being applied to the analysis of ecological communities (McCune and Grace 2002) . Question 1. To test for competitive structure in the ant community, a c-score was calculated (Co-occurrence, ECOSIM Acquired Intelligence Inc. and KeseyBear, Burlington, VT [Gotelli and Entsminger 2004) by using all 51 locations based on the occurrence of ant species that were present at three sites or more. The score was derived as follows:
where r is the number of occurrences of each species, S was the number of shared sites between species i and j, and N was the total number of species included in the analysis (Gotelli and Entsminger 2004) . Five thousand c-scores were then generated randomly by shufßing the distributions of species across the 51 sites 5,000 times. The numbers of species at each site and the numbers of sites where each species was present were conserved in the random matrices because these values are assumed to represent the actual capacity of locations and species without regard to competition. This is the most conservative application of this test available. If the observed c-score is greater than expected, based on the range of simulated c-scores, the community is said to be competitively structured.
To test for an association between the distribution of ant species and the distribution of local environmental conditions, a Mantel test (MANTEL, PCORD, MjM Software, Gleneden Beach, OR) was conducted with ant species abundance values (for species occurring at three sites or more) for each site in the Þrst matrix, and a set of 13 site variables (Table 1) in the second matrix. A distance matrix, based on SorensenÕs distance calculation (McCune and Grace 2002), was derived from each of the two matrices, and then a z-score, which is the sum of the cross products of those two distance matrices, was calculated. Five thousand more z scores were then generated using the ant species matrix and 5,000 randomly generated matrices. If the observed z-score is outside of the range of the expected z-scores based on simulated matrices, the null hypothesis is rejected and the relationship between the two matrices of interest is considered nonrandom. The assumption is that a nonrandom relationship indicates the distribution of these ant species is being inßuenced by the distribution of local conditions. A Mantel test can be a test for positive or negative association, but in this case we are pursuing only a one-tailed test for positive association because there is no logical reason for ant species assemblages to be more similar in less similar habitats.
Question 2. To determine whether the ant species assemblages differed between two groups of sites, locations with hybrid imported Þre ants and locations without hybrid imported Þre ants, a multiple response permutation procedure (MRPP, PCORD, MjM Software) was conducted with hybrid imported Þre ant occurrence as the class variable. A distance matrix, using SorensenÕs distance calculation and abundance values of ant species collected at three sites or more, was used to generate a weighted within group mean distance (␦), where ␦ ϭ ⌺C i x i C i ϭ n i /N x i was the average distance within each group, n i was the number of sites in each group, and N was the total number of sites. A test was then conducted to determine whether ␦ fell within the expected range based on a Pearson type III distribution. The test statistic, T, was T ϭ (␦ Ϫ m)/s where m and s were the mean and standard deviation of the expected distribution. A P value based on this statistic that was Յ 0.05 indicated that between group variation was different from what would be expected by chance. The other important value was the A-value, where
As the observed ␦ approaches zero, the A-value approaches 1.0, indicating little within group variation. As the observed ␦ approaches m, the expected ␦, the A-value approaches zero indicating variation which is not different from random. In ecological communities, A-values are rarely higher than 0.1 (McCune and Grace 2002).
To determine whether species richness differed between sites with and without hybrid imported Þre ants, a rarefaction curve and 95% conÞdence limit curves were generated (Species Diversity, ECOSIM Acquired Intelligence Inc. and Kesey-Bear) from the species richness of the set of locations without imported Þre ants. A rarefaction curve was generated by drawing 5,000 random samples of sites from that set, ranging in number from the total number of sites without hybrid imported Þre ants down to one site, to generate a curve that represents the rareÞed number of species expected given different numbers of sites sampled (Gotelli and Graves 1996) . If the richness/ site ratio of the set of sites with hybrid imported Þre ants falls within the conÞdence limits of the rarefaction curve based on sites without hybrid imported Þre ants, then there is no difference in species richness between the two groups of sites.
Question 3. Indicator Species Analysis (PCORD, MjM Software) was used to determine which species had nonrandom distributions with respect to hybrid imported Þre ants. Relative abundances and relative frequencies of species in locations with and without hybrid imported Þre ants were used to generate indicator values (IVs):
IV ϭ RA ϫ RF ϫ 100, where RA refers to the relative abundance (the average abundance of a species at sites within a group, divided by their average abundance across the entire set of sites) and RF the relative frequency (percentage of plots within a group where a species is present) of a species within a group of sites. The highest IV for a species is its IVmax. The statistical signiÞcance of IVmax for each species was determined by shufßing the group membership of sample sites 1000 times and calculating the IVmax of each species from each permutation. The probability of a type I error for each species is equal to the percentage of permutations with an IVmax greater than or equal to that speciesÕ observed IVmax (Indicator Species Analysis, PCORD, MjM Software 1995). The experiment-wise error rate was determined using (1 Ϫ ␣) n ϭ 0.05, where n is equal to the number of species that occurred at three sites or more and were included in indicator species analysis.
A species can be considered positive or negative indicators of hybrid imported Þre ant presence, depending upon their IVmax source group. Those species that were positive indicators of hybrid imported Þre ant presence were collected at baits at the same locations as hybrid imported Þre ants. They are therefore using the same food resources as hybrid imported Þre ants in forests and are potential competitors to them. Species which were negative indicators of hybrid imported Þre ant presence were more likely to be collected at locations where hybrid imported Þre ants were absent. They could be competitors to hybrid imported Þre ants that are responding negatively to the hybrid imported Þre antÕs presence, or they could be responding negatively to a set of local conditions which favor hybrid imported Þre ants. To determine whether local environmental conditions were playing a signiÞcant role in the distribution of negative indicator species, an ordination was performed (NMS, PCORD, MjM Software) by using the set of 13 site variables (Table 3 ) from the 51 sample locations. The two-way co-occurrence pattern of the negative indicator species and hybrid imported Þre ants was then overlaid on the ordination to determine whether the co-occurrence pattern fell along a gradient in that ordination. If the co-occurrence pattern fell along a gradient, it was considered most likely that the negative association between these species resulted from their individual habitat preferences and not from interspeciÞc competition.
Results
Seven of 42 randomly selected locations (16.7%) had hybrid imported Þre ants. These locations were added to the nine sites that were chosen because of the known presence of hybrid imported Þre ants, giving a total of 16 locations with hybrid imported Þre ants and 35 without. Locations with hybrid imported Þre ants had on average less canopy cover, more ground cover by woody and herbaceous plants than locations without them and a greater percentage of dbh in pine (Table 1) . We collected 12,059 individuals from a total of 28 species, including hybrid imported Þre ants (Table 2). The number of hybrid imported Þre ants collected from each of the three bait types were not found to be signiÞcantly different (F ϭ 0.94; df ϭ 2, 23; p ϭ 0.41) in a single-factor analysis of variance (ANOVA) (SYSTAT, Systat Software, Inc. 2004) , and the results from the nine baits at each site were pooled in our subsequent analysis. Fifteen species, including hybrid imported Þre ants, were found at three locations or more and were used for c-score, Mantel, and MRPP analysis ( Table 2) .
The c-score for the set of 51 locations was 43.4, and the mean c-score for the simulated matrices was 42.5. A one-tailed test did not indicate a signiÞcant difference between these scores (P ϭ 0.13); therefore, the distribution of hybrid imported Þre ants and their potential foraging competitors does not seem to be structured by competition.
The observed z-score from the Mantel test based on the distribution of ant species and local habitat conditions was 593.5. The mean of the z-scores based on the distribution of ant species and 5,000 simulated matrices was 577.9, and the variance was 14.36. The observed z-score was signiÞcantly greater than ex- pected (P ϭ 0.0002); therefore, the distribution of hybrid imported Þre ants and other ants species collected was correlated with the distribution of local conditions. The observed ␦ in MRPP was 180.4, which was signiÞcantly less than the expected ␦ (m) of 188.8 (p ϭ 0.004). This indicated that locations with hybrid imported Þre ants were signiÞcantly different, in terms of ant species assemblage, from locations without hybrid imported Þre ants. The A-value was 0.044, which indicates a high degree of variation within these two groups.
Fifteen species, including hybrid imported Þre ants, were collected from locations with hybrid imported Þre ants (n ϭ 16), whereas 24 species were collected from locations without them (n ϭ 35). The number of species collected at locations with hybrid imported Þre ants was within the 95% CL of the rarefaction curve based on locations without hybrid imported Þre ants (Fig. 1) , indicating that species diversity was not different between the two groups of sites.
Two ant species had signiÞcant nonrandom distributions with respect to hybrid imported Þre ants. M. minimum was a positive indicator of hybrid imported Þre ant presence, whereas Aphaenogaster carolinensis Wheeler was a negative indicator (Table 3) . When the co-occurrence pattern of A. carolinensis with hybrid imported Þre ants was overlaid on an ordination based Table 2 . Ant species collected and species' occurrence with hybrid imported fire ants on site variables, a clear gradient was noted (Fig. 2) , suggesting that habitat preferences were at least partly responsible for their negative association with hybrid imported Þre ants.
Discussion
Because our sampling was restricted to baits and because of the standardization of our collection techniques and collection timing, it was considered more likely that competitive structure would be found within this group of ant species, than within the larger ant community. We did not Þnd a competitive structure that was signiÞcantly different from what would be expected by random processes and the distribution of the ants we collected are explained better by the distribution of local environmental conditions than by inter-speciÞc competition.
Locations with hybrid imported Þre ants had an assemblage of ants that was different from the assemblage at locations without hybrid imported Þre ants, but species richness was the same for these two groups of sites (Fig. 1) . The lack of a difference in richness, the association between the distributions of ant species and local conditions, and the within group variation which was only slightly different from random (the A-value in MRPP), all suggest that natural differences in species habitat preferences are responsible for most of the differences between the assemblages from these two groups of sites.
The locations with hybrid imported Þre ants had on average a more open canopy, more vegetative ground cover and a greater representation of pine than the other set of locations. All of these factors are indicators of disturbance within these forests. This suggests that Þre ants are invading places within the forest that resemble their more characteristic open habitats.
Their association with open canopies is at least partly due to their temperature requirements for brood development. Porter (1988) found that developmental time in laboratory colonies increased with decreasing temperature and development ceased entirely at temperatures below 24ЊC. Although the temperature during the time of our surveys exceeded this minimal value on most days, more open canopies will allow for more solar radiation and therefore improve a colonies ability to sustain or grow within a forest.
Fourteen ant species were collected at baits in the same location as hybrid imported Þre ants, and they are using at least some of the same food resources as hybrid imported Þre ants in the forest. The degree to which these species and hybrid imported Þre ants are affecting each otherÕs ability to gather resources is uncertain. Of those species, M. minimum was the only one to have a signiÞcant positive association with imported Þre ant occurrence. M. minimum is also closely associated with imported Þre ants in open landscapes (Urbani and Kannowski 1974 , Apperson and Powell 1984 , Gibbons and Simberloff 2005 . A single species, A. carolinensis, had a signiÞcant negative association with hybrid imported Þre ant occurrence. These species were also the most widespread species in the forest. They were collected at all locations but six, Þve of which harbored hybrid imported Þre ants. That their absence was almost exclusively limited to locations with hybrid imported Þre ants, and the low numbers of A. carolinensis individuals collected at locations where the two species co-occurred, is responsible for their strong negative indicator value. Such a strong negative relationship suggests that avoidance between these species also may be playing a role in their distributions, a possibility that needs to be investigated further.
The community of ant species collected at baits does not seem to be structured competitively. The structural complexity and the amount of resources available to ground foraging ant species in southeastern forests may be contributing to this high degree of species coexistence, although the exact mechanisms that are responsible have not been addressed in this study and they require further investigation. Ant species distributions were strongly associated with the distribution of local environmental conditions. The relationship between these species and their habitats has deÞned a distinct set of species that interact with hybrid imported Þre ants for resources in forests, but there is no indication that hybrid imported Þre ants are themselves inßuencing the distribution of these species.
Since conducting this research, the results of other studies have emerged which support our conclusions and deserve mention. King (2007) found that ant species in north-central Florida were segregated by ecosystem but not segregated within ecosystems. King and Porter (2007) found that invasive ant species in that same region, including S. invicta, are conÞned to disturbed areas and are not a threat to ant species in native upland habitats. King and Tschinkel (2006) were able to show experimentally that even within disturbed habitats, S. invicta is not suppressing native ant species. Although these studies were conducted using somewhat different methods than our own, including a broader sample of ant species, and they were conducted within the range S. invicta and do not involve the hybrid imported Þre ant, our conclusions are similar and together these studies and our own provide strong evidence against a detrimental effect of imported Þre ants on native ant species.
